Introduction
Laboratory test request forms are widely used to document the patients' data and the requested laboratory analysis and to transmit them to the central laboratory. The request forms are more or less standardized so that they can be processed automatically during the preanalytic phase in the laboratory. Usually, automated data processing is performed with high performance image scanners and special software to read the data and transfer them into the LIS (Laboratory Information System). Patients' data (e.g. name, date of birth a.o.) are most often read by an OCR-Engine (optical character recognition). In general the requested laboratory test requests are recognized by an OMR-Engine (optical mark recognition).
Commonly used scan products in Germany and the companies are given below (1).
This procedure is, however, quite susceptible to errors due to the technical limitations of the hardware (optical resolution vs. scanning time) and the software used. The limitations of 'optical recognition engines' are usually caused by different character fonts, handwritings or an individual way of 'marking' the test requests on the forms.
There is a lack of a standardized data transmission protocol for data transfer from the medical practice to the central laboratory outside the hospitals or inside a hospital between the different departments themselves and the clinical laboratory. In larger hospital laboratories the laboratory tests are more and more requested electronically via the HIS (Hospital Information System). Different data transmission protocols exist; well known standards are (2): there is an increasing discrepancy between the enormous advances in the automation process of the analytical/postanalytical and the preanalytical phase of the central laboratory. Besides there is need of a secure transmission of the test requests from the clients to the central laboratory. We started a project together with other supra-regional laboratories in Germany in order to develop and establish a secure and robust data transmission system for the transmission of clinical data and laboratory information to the central laboratory. Based on common standards for laboratory data transmission and using a two dimensional barcode we developed an offline usable open source standard. Our project and the members of our project group may be a basis for the development and establishment of a standardized catalogue of laboratory methods and laboratory analyses in Germany in the near future. German Standards:
However, these standards do not only differ in the technical way information is stored and transported but also in terms of the type of information: some of them may be considered as a standard more from the technical point of view, others can be regarded as an attempt to regulate and normalize the 'contents', the information itself. The great variety of local (regional) and international commercial and non-commercial project groups and the standards they developed reflect the enormous dynamics of this sophisticated process.
Besides, there is no standardized test index (test request catalogue) which would allow to catalogue and normalize the nomenclature of the laboratory tests, the analytical methods, normal ranges and other laboratory test characteristics. Although the German Society of Clinical Chemistry and Laboratory Medicine has established a working group several years ago, which developed a standardized catalogue and a nomenclature for laboratory tests in laboratory medicine and pathology, it is still not in use in practice (3).
The aim of our project was to develop a standardized data-transmission protocol, based on the German LDT (laboratory data transfer protocol), to define the type of information needed and to store the data in a secure, condensed, cost-effective and from the ITsystem independent way.
For this purpose, supra-regional medical laboratories which were thought to represent the technological mainstream in laboratory medicine were invited to join the round table and, consequently, a consensus group was founded (4).
We created an LDT-based algorithm for the storage of the requested tests, corresponding specimens and sample container related information. All data are transferred from the practice software or HIS to the 'lab request module' (a plug-in or a stand-alone software package).
The data are stored in a two dimensional barcode (2dim Barcode). The information is stored in a redundant way. Accordingly, all data stored in the barcode can be reconstructed even if a great part of the barcode is destroyed. Additionally, information can be compressed, allowing storage of the data in a very effective and space-saving way. For example: the full text of this article (about 50 kilobyte »text only« format) can be stored in one single 2dim barcode with an extension of 2 cm × 3 cm = 6 cm 2 . Even if two thirds of such a barcode are destroyed, one would not miss one single character of this text when the barcode is scanned.
For this purpose the »PDF417« format was used, because this format is widely used in other, non medical fields and a variety of non commercial software products are available for printing and scanning this type of barcode (5).
In practice, a plug-in software module was developed: The laboratory tests are selected by the physician from an electronic test catalogue. Patient data, additional data belonging to the laboratory test request and others are edited in an electronic form. After the input procedure the data are checked for plausibility and an image of the 2dim barcode (PDF417) is created and sent to the printer (see the scheme for details) (6) .
For the print of a 2dim barcode, a 300 dpi (or better) laser printer or a thermoprinter is needed. The 2dim barcode is printed directly on the request form. Additional 2dim barcodes can be printed for the tubes, containing the most important data such as the patient's ID and the requested tests.
In the laboratory the 2dim barcode is read by a handheld scanner or a conventional scanner using an adapted software. The data pass into the LIS (Laboratory Information System) through the LDT/LIS interface. Using this system the error rate was about 1%, and it took about one second to scan and interpret one data record (consisting of one to three barcodes, containing 20-100 KB of data).
Conclusions: From our point of view there are three major achievements of our project: First, we set up a standardized protocol for the storage and offline transmission of medical data to the clinical laboratory. Second, the present achievements and our project group might be an effective basis for the development of a standardized laboratory methods and test catalogue in Germany.
Finally, we could demonstrate the power and flexibility of a project group following the idea of an non-commercial »open source system« with the aim to develop a low-cost, secure and freely accessible infrastructure allowing the laboratories to save costs for their own, unique developments and therefore being able to focus on their key business.
